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lDuring :1ihe last few years a tinle.-averaged ther)-.od,'ynamlic
.,model of thle atynos-phcre-ocan--continenl' systemn has beeni developed.
The. rnodel consist's of an trmospheric layer of about. 10 mrn; a layer
of about 50 meters in the ocean and a layer of neglicgible depth in
the continents. The attmosphli're includes a cloud layer.

Applying the conser.-ation of ther-nal Cenergy (first law%. of
thernmodynainics) to this sy~[tein gives an c:qua:ion for the integrated
atmosphere, one for the oceanic. layer and one for the surface of the
continents. The equations allow computation of the mid-.tropospheric
temlperature and the strface temnlperature, provided that we supply a
paranmeteri7,ation Of the different heating comnjoncnts.

The mnodel predicts the tenmpecature fields (in the troposphere
and at'the surface of oceans and continents) associated with the heating
.functions, most of which are also predicted variables. In particular,
the radiation heating conmponents are generated internally in the model.

The model has been described in a series of papers (ADEXM,,
1962, 1964a, 1965a, 1965b). It includes in sonme cases crude para-
meterizations of the heating functions and some very strong simplifying
assumnptions which are used for the lack of a better paramneteriz ion or
fo~ the purpose of making t{'ihe lroblem mathemnatically tractable.

Decspite the crudeness of the model its application has yie.l ed
surprisingly good results. First it was used to explain the cliniatologica!
temp)erature distributions with good success (ADE.M]X, i964a, 196i-'-b).
Afterwards it was used to compute fluctua;-tions from the comrnputed
c]irnatological norinal values, and since Dece-.:ber 1965 it has been
used to malke predicLions of departures from- tie normnal values of
temperature and precipitation for periods of a montl. The prcliiS nary
results have been encouraging (ADEM J: jACOB, 1963U). The best skill of
the currcrnt mnodel is in predicting month-to- rron=h chatnges in oce:=n
temperatures.
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atte}mptDs are b-in., ;nac: to dieelzop a.l ia'.rovedc. rnodel by refining

'C,

t]1h .'Ja.ra-e etc z.at..in of Cth1e heati-nig conponents, by i s.-io' mrore:

rea.isLic Simnplifyi;!,g as:su pt0)ons or by chloosing ibetter values of
.the paricmeters tli. 'at enter i.n; theC current. model.

Z. RADIA.TION Mv.ODEL CUJJR ENTLY UST]D

The radiation nmodel used mn.ust adequate-ely incorporate the
*intecractions at the. sur.ace of thle earth. T'ILds is due to t'Ce fact thact,
very freuen,.lty, *the mnain so-.urces of anomalous vveathe.r for periods
of a mont., or a season are as' socia'ed V.'ith anomalous conditio Cs in the
l n. der.l7y .:i. n sulrf acc. .N ,.I._ .I .]) ).7 )

- The best l:Inown fact.o.s are the anomalies of ocean temperature
and su:rI.a.ce alboecdo, vwhiclhl are re sponsiblc -or in.mportant air ten-pcrature
anonmalies and vhichl, thleirj'ore, 'lhave to be predicted together \vith the
meteorc)logical var.iables..

The prese-int t.ermnoadyn;.nic nmodel uses a simplified radiation
model, in w.hich adacqlUatc pawrameerizations of variaobles are introduced
(AD.EM, 19GZ2, 1964a).To illastrate the type of paraimeterizations and
assumptions nee-dd, wve will mrention some of he ones already used in
the current model: .

a) For the factional1 absorption of s!Lor't-vave radiation in the
surface, the following fornula is used:

~~~ -f ~ ~ ~ ~~I

where )-y' -;- is the total solar and sky radiation received
by the surface of te 6arth, iS�tile fracti.onal surface albedo
and 1 is the insolation at the top of thle a'rn"osp hercA'I

-.. ~~~~~~~~~~~~~~ -C)
(v -f- C7 is corrinputed using tilce Savino-A ngstrorn formnula

G'-Z' if- ~): - (/--,- (1)



!w her7(J?- Ce is thle sum of solar and ski radiaEtion
receive.d by the surface w-.ith clear s.ky, 1 i. a fulction oi
latitude and is tlhe fractional clouLd cover.

b) l e assume a single cloud la'ycer.whoe hbrizotal ex:telLt
is computed by .

C - t (2);;,-A( - -G,v). .
~~~~~~, 

wh.ere \ is a con'.tawnt, 6 v is the normal cloudiness and
( C4% --- 0<E-/ ) is tle <' onma. ly of the heat of condensation. T]e
latter is conluted from the ahomali.es of the temnperature and the
associated circulation.

~~~~~~~~~~~~~~~~~-.,

c) To coml:,ute the effects of long-wave radiation wve assnume
black-body emnission froom the surlface of the earth and fromn tlhe clouds.
For the cloudless atmosphere, a radiationi model is used wvith one single
transparent window fcr wave--lengths from 8 to 13 mlicrons, and v.ith
black body cmnission for all other wave-length?.s. These assunmptions
were also used recently by lIIKUCriI (1969) in a two- Jlayer general cir--
culation mIodel.

3. POSSIBLE IMPROVEMENTS IN THE RADILATIOTN A'IODEL

*We ,would like to iniprove the silnplified radiation futnctions and
parameferizations used in the present mnodel. In this report wVe will
outline only a few of'Llhe possibilities for inmprovement.

/ a) At present we use LONDON'S (1957) climatological va. .:es
for absorption of insolation by clcar sky and by clouds, and we would
like to incorporate these absorptions as variables, using adequateparameterizationns. .

b) The coupling of the extent of snovw -ith ten-perg ture, p e-
cipitation and other variables must also be inrcorporated. CLAPP (1967)
has dCveloped a non-linear method for such co-pling.
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c) S ....t.c .e da.ta can~ be u se. to i't1prov( ti-.c paralmc:terizations.
.For}]'or exa rn3:le:

CLA.].M? (p r sonal co-rnrnunic-ti0on) is attei.p,:ing to imp e
form.u1a. (1), for'.absOrpj)tion of inlsolation at tle surface, by C>prlssimg
thc cCloud tiansn-issi /: , , as a zunc~ic¢n o ciouldii(:E;s it:sclf.

H-ANSlSO,;N et al '1967) ha-e L--'ived a £o:m ula for the fractional
absorption of islat by the atmnosphere ofc ithe U. S.

cd) A na':ural xtcnsion of this siimplified nmodel is of course
to develop a nmultipke-la.yer nodel, iricluding a ;-.atospleric lay-er
with: ozone. absoptioii. However, wc don't: like to introucc sop -.- hi
ticat:icn un.-less it represents an essenLial additi-on1 to th.c phlysics of
the modcl', resultinpg J.in'an inlprovelmont in t]he skill of theC prccdictions.
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